Epigenetics

EPIGENETICS IN CANCER CONTROL AND PREVENTION:
ARE WE READY FOR THE PRIME TIME?
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Epigenetics
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The two main components
of the epigenectic code

DNA methylation
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Methylation Code

Epigenetics:
Stable alterations in gene expression
by several mechanisms, excopt
nuciectide sequence changes
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The genetic information provides the blue print for the manufacture of all the proteins
necessary to create a living organism, whereas the epigenetic information
provides the instructions on how, where and when the genetic information will be used.

Qiu NATURE 441: 143




DNA and destiny
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Cancer Survivors

Estimated Number of Persons Alive in
the U.S. Diagnosed with Cancer by
Site

In 2010, there were estimated 13. 6 million
cancer survivors in the United States

It is estimated that by 2022, the population of survivors
will increase to almost 18 million.

ACS. 2012. Cancer treatment and survivorship facts and figures 2012-2013.
Siegel et al (2012). Cancer treatmen and survivorship statistics, 2012. CA Cancer J Cin 62: 220

Men (4.24 million) Women (5.31 million)



Cancer continuum

DCCPS covers cancer continuum

Prevention Early Detection
Tobacco, physxal actity, diet, sun, Breast, cervical, cologsectal cancer
crrviromumnent, HPY immuanizatson sreenang

Treatment Lifc After Cancer End of Life

Trords incamcer Sreatenent Finamcaal Hhumden of can<er care, Mortaley, Peorson vyeoars of Mo bass

Cancer survivorshap
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Cancer development

Cancer Development is a Multi-step Process
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Initiated Premalignant

Genetic alterations and the progression of colorectal
cancer

The major signaling pathways that drive tumorigenesis are shown at the transitions
between each tumor stage. One of several driver genes that encode components
of these pathways can be altered in any individual tumor. Patient age indicates the
time intervals during which the driver genes are usually mutated. Note that this
model may not apply to all tumor types. TGF-B, transforming growth factor—£.




Cancer and age

Lung
(smokers)

Pancreas

Prostate




Paradigm shift

Paradigm shifts in genetics

1850 -1900 : Proto-genetics Mendelian inheritance
Darwin, natural selection

1900 -1950 : Age of genetics gene concept, mutation,
genotype-phenotype

1950-2000 : Age of DNA structure, genetic code,
genome sequence

2000 - : Age of epigenetics epigenetic code, epigenome,
epigenetic medicine




Genome landscape
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CANCER GENOME LANDSCAPE
Number of somatic mutations in
representative human cancers,
detected by genome-wide sequencing
studies

Adapted from Vogeistein and KinZler (Science 2013)



Cancer genes
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GWAS hits

Published GWAS Etiology Hits (2010)

e ~140 Loci marked by SNPs
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Genome wide associations

Published Genome-Wide Associations through 12/2013
Published GWA at psSX10 * for 17 trait categories
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Genome sequence

There’s more to the genome than its sequence

chromatin fiber

4D Nucleome

Roadmap
Epigenomics,
ENCODE, IHEC

é histone miﬁcation
Human
Genome

Project=orn




Kornberg and nucleosome

Nucleosomes (Units of Chromatin)

H1 s a2 Iinker histone which binds
DNA

To neulralize charge and provide stability to the ONA @ OO adgecent
Histones H2a, H2b, H3, H4 ' nucieosomal cores

Nuclieosome: two tums of DNA (146 base pairs) wrapped around an octomernc complex of two
of each of histone types

1974: Roger Kornberg discovers
nucleosome who won Nobel Prize
in 2006.

Ouplex ONA (bue) . Vv !
Core of B rMntone Mioleculies
Nntone octamer (yelow)

Nucleosome

Cheomatin BDec

Shores are 0-2kb from islands
Shelves are 2-4 kb and enhancers are beyond shelves



DNA methylation

Unmethylated CpG Methylated CpG

. Activated Oncogenes
Inactivated Tumor Suppressors
Asad Umar NCI



Epigenetics

EPIGENETICS

Epigenetic alterations — changes induced in cells that alter expression of
the information on transcriptional, translational, or post-transliational

levels without change in DNA sequence

Methylation of Modifications of RNA-mediated

“‘ons

Shells and shores

cytosine DXNMT1

J_n »xwma |Shores: less than 2 kb from the CpG island [tk
<y ©——— | Shelves: 2-4 kb from the CpG island -
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Epigenome components

Components of the Epigenome
A — . Hypermethylation
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Methylation

Transcription
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Mechanism

Mechanism of DNA methylation

S-Adenosyl Methionine

Ff <A D 11\
ﬂb/“\.“v J

— ~__ DNMT _— S-Methyl-
Draryieidiilis I deoxycytidine

Asad Umar



Chromatin modifications

Figure 1 : Modulation of covalent modifications on chromatin.
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Exercise

| Exercise is important for everyone |

You only need to sequence your genome once,
but you need to determine your epigenome
multip]e ftimes... nitps://www. youtube comiwatch?v=JMTEORYQRTK




Environment and development

A. Epigenetics, Environment and Development

deacetylase 2 activity

Matemal Milic: immature, transient and mature (NK ratio & » » »

Foley et al. Am J Epid 169:389. from 0.8 10 1.2 10 2.0)) Sperm




E-cigarette vapors

Vaping can damage
vital immune system

0 ORGINAL ARTLE
2 Pro-inflammatory effects of e-cigarette vapour
OPEN ACCESS

condensate on human alveolar macrophages
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Cancer etiology

Understanding Cancer Etiology and Risk Assessment

Need healthy population (pathologically disease free) (cohort) with
information about

Exposure (Chemicals, Radiations, Infectious Agents, Toxic substance)
Family History

Diet and Life Style

Medication

Need easily collected biospecimens (non-invasive technologies) and analytic
tools

Need follow up (for longitudinal studies) for several years
Challenge: Expensive, data sharing

Advantage: Essential to identify risk factors for cancer



EGRP studies

oN

EGRP Studies Are Everywhere

- Senegal - Canada

- Malawi - Sweden

- The Zambia « Denmark

« China - France

- Japan - Costa Rica

- Egypt - Singapore

- lIsrael - Poland

- Brazil - Australia

- Colombia - U.S., including Alaska
- England & Hawaii

2.3 Million Subjects
Cohorts, CGN and Family Registries



Cohort consortium

The Cohort Consortium (CoCo)

e 62 cohorts, over 4 million individuals

- Membership: cohort studies worldwide with >10,000
subjects, blood samples and questionnaire data on
important cancer risk factors

 The Cohort Consortium was formed by NCI to address
the need for large-scale collaborations for

— Rapid identification and confirmation of common
polymorphisms and cancer susceptibility (GWAS)

— Studies of GxG and GxE interactions in the etiology
of cancer.



Early life exposure
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Early-life exposures to infectious agents and later cancer

development
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Abstract

There is a growing andernstanding that several infections agents are acgaired i
carly life and thiv s the reasoa why avalladle vaccines target the now bown,
infants, and adolescents. Infections agents are assockated with camcer devdop-
ment and it is ostimated that aboat 20% of the workd's cancer burden s attriboted
o infoctions apents. There s a growing ovidence that certain nfections agpents
aquired in caly Bl can give rise 10 Caader Sowclopment, Bant otionates of the
cancer burden froen thin carly-life acquinition is unknown, In this artcle, we
have selxcted five cancers (corvical, liver, Borkiet's hmgpboma-keukemia, naso-
pharyngpeal carcinoma, and adult Tcell kukemia-lympdomna) and cxamine thesr
lnks to infectious agents (HPV, HEBV, HOV, EBV, and HTLV-1) acquired in
carly life. For these apeots, the acquinition in carly e s from mother-so-child
transmission, perinatal contact (with penital tract secrctions, amabotic Sukds,
Bood, and breast k), saliva, sexaal intorcourse, and Bood transfusion. We



Scientific goal

ECHO Scientific Goal

From

Answer crucial questions about the effects of

et
to
a broad range of early environmental bio
influences on child health and development. |

P ti’

https:// www.nih.gov/echo/pediatric-cohorts

Health outcomes throughout
childhood and adolescence



ECHO advantages

Developmental Life Stages

Advantages of ECHO Research Design

= Longitudinal cohorts — opportunity to examine repeated measures
-in utero

- early in life

- other transition periods
Look across multiple tissues in same person
Unifying/harmonizing epigenetic data with other data (including other omics data)
Potential for single cell analysis
Across generation

Placenta, cord blood, nail, hair, saliva, urine
Maternal blood, milk before and after pregnancy



Epigenetics and behavior
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Epigenetics and
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Transd Payctealny. 2076 Mer 29647685, doi: 10 10387 2016.32

The effects of maternal anxiety during pregnancy on IGF2/H19 methylation in cord
blood.
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Abstract
Compelling evidence suggests that mataemal mental haeahth in pregnancy can influance fatal development. The imprinted
genes, insulin-like growth factor 2 (IGF2) and H19, are invalved in lelal growth and each = regulated by DNA
methylation. This study aimed to determine the association between matemal menal well-being during pregnancy and
differentally methylated regions {(OMRs) of IGF2Z2 (DMRO) and the IGF2/4H19 imprinting control region (ICR) in newborm
offspring. Matemal depression, anxiely and perceived stress were assessaed al 28 weeks of pregnancy in the Barwon
Infant Study (N=576). DNA methylation was measured in punfied cord blocod mononuciear cels using the Sequenaom

within your DNA that can be controlled by you, by your emotions,
beliefs and behavioral choices.”




Toxicoepigenomics

Pesazech Articlke
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Toxicoepigenomics and Cancer: Implications
Be for Screening

Mukesh Verma

Abstract

Scaontisms have long considerod pencucs 1o be the koy mechanism thar alters gene esprossion becauss of
Nic caposwre 1o the caveovament and tome mubstances (tomcants ). Recently, cpigenctac mechanmens have
emernged s an altermative eaplanation for slterations in goene caprosion resulting fom such cxponsure. The
fact than certain 1o subszances that conmmibune 1o tamor developmment do noe sduce mucations probably
PF rosults from underlyming cptpenctx sncchanoms. | he tddd of toascocpazcmcnincs emergod fom the ool

nanion of epsgenencs and classical romcology High throughpot techacdogies moww enalbde evaloamon of
altcred cpigenaomes praffing = regponss 1o tooses and crmarcaemcssal pollutases. Furthormaore, diffcrences
=0 the cpepcscanc backgrounds of indradash may caplan why, although whole pogedations arc caposcd
PA 1o toscants, only a fow people 1a 2 popadanon develop cancer. Metals sn the covronment and 1ome sub

stances ot only alter DNA sacthylatson puttcrms and hotoance modabcstions bunt abho affect cnsymes
wrvolved in posttranshacsonel modficanors of grotems and eprgeactic regulanon, and thercby comenbure
U = to carcinogenses. | he article doscnibes Aficrent sonic sebatances and ermarcamencal pollutanes that alker
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Tumor alterations

Dqd Genotype —» Epigenotype —» Metabotype —» Phenotype

Total alterations affecting protein-coding genes in selected tumors
Average number and types of genomic alteraions per lumor, incuding single-base subsituions (SBS), small nsartions and
deleions (indels) amplifications, and homozygous deletions, as determined by genome-wide sequencing studies. For
colorecial, breast, and pancrealic ductal cancer, and medulicblasiomas, ransliocations are also included. The published data
on which this figure is basad are provided in Labie S10.




Genetic mutations

Genetic mutations of epigenetic modifiers in cancer
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The epigenatic machinery
Baylin and Jones (2016)



DNA methylation and carcinogenesis

DNA Methylation and Carcinogenesis

DNA Methyvlation

No Changes

Abnormal Decreases

Tumor suppressor / \
gene mnactivation Proto-
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regulation retroelement
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Integrin signaling

Integrin Signaling Network and Epigenetic Regulation
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Methylation

= Tolal methylation content of the cell
= medihhfation level al specific stage
= medhhyfalion pattern of a group of genes

= profile of methylaion of either a specific gene
or a number of genes

= patiem of methylation in the whole epigenome

Laird Nat Rev Cancer 3:253 Nature Reviews | Cancer



Histone acetylation

Polycomb Repressor
Complax PRCland ll

Heterochromatin
Silenced histone code (SHC)

Histone coding for silencing | | Histone coding for transcription H3K9me

’——\

|
T i
. -
k -
Euchromatin Active histone code (AHC)
Steve Baylin



Micro RNA sighatures

Mirco RNA Signatures in Human Cancers
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Micro RNA methylation

Micro RNA Methylation in
Metastasis

Lujambio and Esteller”, Cell Cycle 8: 377



Extracellular vesicles

Veema o al BMC Chnicay) Foabhadogy (J015) 155
DO 101 1851 20070500055

| ChckonSignto e
@ =gnstuses on e PL

BMC
Clinical Pathology

REVIEW Open Access

Extracellular vesicles: potential applications in
cancer diagnosis, prognosis, and epidemiology

Mukesh Verma . Tram £im Lam, Fizabeth Hebert and Rao

r Abstract
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Histone modifications

® Phosphorylation 2'33" P:cu (mos.;'fu%::er Epigenetics
. Acetylation H3K4me3, Active promoter (Tollefsbol, T. ed.). Pp 347-457.
M Methylation H3K27ac, Active enhancers and promoters
4> Ubiquitination H3K4me1, Active and poised enhancers and promoters
. Stott H3K9me3, Heterochromatin 5
nyiation H3K27me3, Polycomb-repressed regions 20 15 14 1‘3
" . M

H1 s a linker histone which binds o he DNA , )
linking two adjacent nuclecsomal cores Based on htip://www.histone.com

and J. Nutr. 136:1763-1765



Histones
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Activating: e.g. H3Kdme3
Silencing: e.g. H3K9me3, H3K27me3



Histone H3 modifications

ALTERATIONS OF HISTONE H3 MODIFICATIOINS IN LIVER
DURING METHYL DEFICIENCY

H3IK9me3
o — —— — — — — — — H3IKS9me?2
H3IKS9me1
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Interplay between H3IK9me3, H3K9Ac. and H3S10ph



Epigenetic regulation

- ) ] _ Acetylation
Di-methylation Trn-methylation
DA Reprassion - -- -
H3K4 Aclivation Activation Activation -
Hislone
H3IK9 Activation Repression Repression Aclivaton
H3IK27 Actlivation Reapression Reprassion -
H3IK36 -- Repair Actvation Activation
Actvation
H3IK79 Activation Acdivation -
B Repression
H3R17 -- Adivation -- -
H4KS = — - Activaton
HAKS -- - -- Lclivaton
H4K12 = - - Adlivation
H4K16 — — - Activaton
H4KZ20 Aclivation Adivation Reprassion -
HLK16 - - - Activation




Single cell epigenomics

SINGLE CELL EPIGENOMICS

Identify open and dosed chromatin

Single cells isolated from

Blood Identify cell-specific transcription factors
Breast milk

Exf_ohated cells Single Cell Determine nuct position

Hair Epigenomics

Oral swab ) . _
Pancreatic fluid only ackve oud repressive

Saliva

Skin

Tissue

Urine Implications of single cell epigenomics

Risk Assessment to identify high-risk individuals
Diagnosis

l

1. Methylation profiling .

2. Histone modifications Prognosis

3. miRNA profiling Screening

4. Chromatin Accessibility Follow up treatment and co-morbidty




Histone modifications

20 Diagnosing Cancer Using
Histone Modification Analysis

Mukesh Verma and Deepak Kumar
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Books

Cancer
Epidemiclogy

Books edited by Mukesh Verma




Epigenetic changes
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“Epigenetic changes are ;
reversible, and therefore have an \

edge over genetics™ :
Mukesh Verma ‘
Nature 471:s12-813
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Epigenetic drugs
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D generation of drugs intended to

target epigenetic pathways, has

convinced almost every major

drug company to invest in cancer
epigenetics.™
Mukesh Verma
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Exfoliated cells

DNA-Based Cancer Diagnostica

Exfoliated Cells are Good Source of DNA
to Study Epidemiology

CANCER DIAGNOSIS,
RISK DEE'@E#IYON PREDICTION &
ASSESSMENT PROGNOSIS

PREDISPOSITION DYSPLASIA CARCINOMA




Histone enzymes

Calegoey

Cawgory

Vermes snd Srivastsva (D002
Lancet Oncal. 3 TS5-363;
Vertes et ol (2004)

Orie Rev. Clin. Se.

41 S8S5-S07,

Vermes snd Maaine (2006). Crit
Rev. Hemmuiol Omecl 600 9-18,
Verres ot &l (D006} Mol Disg
Thesapy. Wx 1-15



Methylation and acetylation enzymes




HDAC inhibitors

- HDAC inhibitors are a novel class of anticancer drugs
that mainly leads to an accumulation of acetylated
proteins

Thereby inducing

- Cell cycle arrest
- Differentiation

- Migration
- apoptosis in cancer and transformed cells

- Few HDAC inhibitors act as radiation-sensitizing drugs
resulting in better radiation therapy (head and neck
cancer) responsiveness

HDAC 1, 2, 3, 8, 11 have been characterized (Khan, |1 , 2007)




Phase | study

Phase | study of epigenetic modulation with 5-azacytidine

and valproic acid in patients with advanced cancers.

Braiteh F, Sofdano AQ, Garcia-Manero G, Hong D, Johnson MM, Silva Lde P, Yang H, Alexander S, Wollf J, Kurzrock R.
Clin Cancer Res. 14(19):6296-301. (colorectial cancer, melanoma and breasl cancer)

gmtgi:':m” * The maximum tolerated dose was

T 75 mg/m(2) of 5-AZA in combination

- — . pyfgm';od with valproic acid.

Valproic Acid L - Dose-limiting toxicities were

railly dady to Strate neutropenic fever and thrombocytopenia,
1o 75-100 ugimi m':omza which occurred at a dose of 94 mg/m(2)
_ \ of 5-AZA.

28 Days Cydle

+ Stable disease lasting 4 to 12 months
(median, 6 months) was

—_ - observed in 14 patients (25%).

Advanced cancer

Medan age 60

—_—

A significant decrease in global DNA methylation and induction of histone acetylation
were observed.

The combination of 5-AZA and valproic acid is safe at doses up to 75 mg/m(2)
for 5-AZA in patients with advanced malignancies.



5-azacytidine, valproic acid and ATRA

Safety and clinical activity of the combination of 5-azacyvtidine,
valproic acid, and all-trans retinoic acid in acute mvyeloid
leukemia and myvyelodysplastic syndrome.

Soriano el al. Blood. 110(7):2302-8.

= Combination of 5-azacitidine (5-AZA), valproic acid (VPA), and
ATRA in patients with acute myeloid leukemia or high-risk

myelodysplastic syndrome.

= A total of 53 patients were treated.
= The overall response rate was 42%.

= A significant decrease in global DNA methylation and induction of histone
acetylation were achieved.

= VPA blood levels were higher in responders.
- The combination studied is safe and has significant clinical activity.

This clinical trial was registered at www.clinicaltrials.gov as no. NCT00326170.



Histone inhibitors

Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STATUS STUDY

Rocruiting | Safety Study of the Histone Dsacetylase Inbsbitor, CHE-3996, iz Patients Wits .-uh-a

Rocrustimg Phase II Stady of Histone-Deacetylase Inkibitsor ITF2357 i= Refractory/Relapsed Lymph 5c Lewkem:a

Rocrustimg phll Study of an HDAC Izhibitor in Very High-Risk Relapsed Refractory Hodg

Rocrustimg Phase ITA Study of the HDAC Inkhibitor ITF2357 1= Pasexts Witk JAK -2 V61 7F Positive Chromic Myeloprolifarative
Daseases

Reocrustinmg Phase II Trial of the Histone-Dsacsetylase Inhibitor ITF23 57 Followsed by Mechlorethamine in Relapsed Refractory
Heodgki='s Iymphoma Patisnts

Recrusting e e Vonizostat (SAHA) With Capecitabine (sloda) Using 2 New Weekly Dose Regimen for Advazced

L. | Brsast Cancer
Recruiting Valproic Acid. Teamozolomidse, and Radiatiom Therapy in Treating Patiants U pIEns

Reocrusting Stady of Vorinestat (MEOSES), an HDAC Inkibitor, in Combanation With Sortezomuib iz Patients Witk Relapsed or
Raefactory Mulople Mysloma

Completed A Phase II Study of Epizenetc Therape 2o O-precamo Chemotherapy Resistance 1= Rofractory Solid Tumsors

Raocruities | Sorsfenit sod LEHES Aaiigpstocellular Carcimoma (B

Recniting Phase II Stady of Valproic Acid Witk FEC100 for Patisnts With Locally Advazced Breast Cancer

Total : 84 studies

http://clinicaltrials.gov/ct2/results?term=histone+inhibitors&pg=4



Environmental damage




Epigenetic inhibitors

FDA Approved Epigenetic Inhibitors

NH NH

\
' /g O '
j N \l
HO /uﬁi'\/
OH OH
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Approved epigenetic drugs

mm wmh
Fa For Cutirnsas T ool
lecttes e i 3020
.r....ﬁ: P T o
oy
For Ml g'e Mywzrs
FDA Approved

Epigenetic Drugs =0 "
Lypmahorse



Epigenetic drugs
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Combination therapy

AML subtypes and combination therapy

@ Pharmaceutical Participation

AML Subtype Drug | Compan

Tet2/WTI CD33 + Aza Bl
IDH2 Mutation Enasidenib Celgene
MLL Entospletinid (Syk inhibitor) Giead
CBF Samalizumab (CD200 Ab) + induction Alaxion
P53 mutation Entospletinid (Syk inhibitor) + Decitabine / Gilead
P53 mutation Pevonedistat (Nedd8 inhibitor) + Aza Takeda
Marker Negative CD33 + Aza B1
NPM1wFLT3IWT Entospletinidb (Syk inhibitor) Gilead
FLT3 mutation Gilteritinib / Astellas
IDH1 Mutation lvosidenib + Aza Agios
Source Leukemia & Lymphoma Saciety

Cancer lellers 17 July 2018



Epigenetic therapy

Chapter 40

Epigenetic Therapy for Colorectal Cancer
Vivek Vaish, Tripti Khare, Mukesh Verma, and Sharad Khare

Abstract

Abecrrasions in epigenome thar include alweraoons in DNA methylhoon, hisrone acervlation, and miRNA
. LA . - . . « ' ' P LT . '

Methods Mol Biol. 2015,1238:771-82. doi: 10.1007/978-1-4839-1804-1_40




Combination epigenetic therapy
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Low doses of DNA-demethylating agents
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Cancer Cell

Transient Low Doses of DNA-Demethylating Agents
Exert Durable Antitumor Effects on Hematological
and Epithelial Tumor Cells
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Intervention

Potential Steps for Intervention

Smad4 (ch.18q21-18tel)

APC (ch.5g21)

A Model for Colorectal Tumorigenesis

Modified from Jobb ot al J Park. 195: 111.



Microsatellite instability

CpG island methylator phenotype underlies sporadic
microsatellite instability and is tightly associated with BRAF
mutation in colorectal cancer
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Tumor clusters

|dentification of tumor clusters.

ol rectal GCaNnGor Cavsaes

KRAS mutation indicated by a red rectangle overiaying the branch,
BRAF mutations indicated by a green rectangle
MSI-H cases designated with a blue rectangle.

Natwe Genetics 38, 787 - 793
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Methylation analysis

Prediction of Tumor Class based on
Methylation Analysis (AML and ALL)

National Cancer Institute

— ' AML Acute Myeloid Leukemia
ALL: Acute Lymphoblastic Leukemia

Adorfan el al Nuc Ac Res. 30: e21



Epigenetic markers

Epigenetic Markers During Lung Cancer Progression

Annexin | and ||
pG63

RARbDeta, S —
megetel Genes hypermethylated in individuals with

RASSF
smoking history:

CDKNZ2A, RSSF1A, ARH1, MGMT,
RARDeta

Steven Belinsky



Mesothelioma

Unsupervised clustering of average {beta} values in tumor and
nontumor pleura

ASBESTOS MESOTHELIOMA

803 cancer
relaled

158 pleural
mesothalioma
with minimum
mutation

18 normal

of survival

Christensen, B. C. et al. Cancer Res 2009,69:227-234

Epigenetic Profiles Distinguish Pleural Mesothelioma
from Normal Pleura and Predict Lung Asbestos

Burden and Clinical Outcome
Cancer Research



Epigenetic pattern

Epigenetic Patterns in
the Progression of
Esophageal
Adenocarcinoma

po Ve A4
Mo

B o

ohu | TRUE
STA S| 0%

Cancer Research

Wk

woINOD Lo0

61:3410

BV,
. e

IORMAL ESOPHAGEAL
SORMOUS MUCOSK € |

»
.
-
.
-
—
-
-
L)
2
»
.
+
-
»

LI e

PR W

(N
v iv o %0y
[
-

!

e

Cancer Progression

Risk factors

+» Gastroesophaegeal
Reflex Disease (GEPD)

« Smoking

» Hihger Body Mass Index
(BMI) or ocbesity

i1

DISPLISH, | BARRETTS
|0NS|

T L

NTT I
N Wy

‘ni
A

Ausmlmm
1]

PR T

by ey A oyl el R o
NSRRI NEH ) U0 N DA N

L

I 3 W ~EeE» PTIA be




Esophageal cancer

Esophageal Cancer: Probability of Survival

<=50 Genes Methylated

on
1=
=
=
=3
=

|

>S50 Genes Methylated

12 18
Months Since Surge

Brock el al. Clinical Cancer Resaasrch. ©: 2012



Pancreatic cancer

Pancreatic Cancer: Methylation of
P14ARF and p16INK4a

Pancreatic Carcinoma (PCA) : 39 19/39 p16INK4a
Chronic Pancreatitis (CP) : 16 0/16 p16INK4a

Normal Pancreatogram (NAD) : 6 0/6 p16INK4a

L S

A PTA S A a2 o= 2] -
ST B BABU WA WL CIERR OB O DML OTER CrBU 3y

Sample: Pancreatic Fluid

(Klump et al. Mol Cell Path 88: 217)




romatin states

Distinct chromatin states of

human PDAC
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Breast cancer

Breast Cancer Response to Tamoxifen Treatment by
ESR1 Methylation

Preinvasive lesions, often designated as “in situ” or
“intraepithelial neoplasia” falls in the domain of
prevention.

Ductal carcinoma in situ (DCIS) lesions, detected in
screening are generally treated aggressively, although
all DCIS do not lead to breast cancer (over treatment).

Methylation profiling of DCIS lesions can distinguish
aggressive from indolent DCIS.

Widschwendter et al. Cancer Research 4, 3807




Organic viruses

Oncogenic viruses and epigenetics

Viruses: p16 in HPV16/18 (Cervical Cancer)
RASSF1a in SV40 (Mesothelioma)
Al d HCV genes (Liver Cancer)
/ BV (Nasopharyngeal Carcinoma)
asymptomatic healthy carriers .pylori Infected Cells (Gastric Cancer)

chronically infected tissues

pre-malignant lesions SUC Catency Associeted Muctess T
n-Barr Vinas Nuclear

EBNA, Epstel Antigen
hwylation in Human Papillomavirus-Infected

full-blown invasive tumor
Hsu*, Jung-Ta Chen®, Wen-Shan Liu®, Ming-Chih Chioua™",

"D e of Internal Medicine, Chumg Shan Medical Universiry Hozpiral, Taichung, Taiwarn

Complete methylome of HPV, EBV, and HBV. Esteller M

Genome Research. 2009. 19: 438



DNA methylation

The DNA Methylome of the Human Papilloma Virus 16
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HPV and methylation

HPV and methylation

DNA methylation has been proposed as a triage for
women infected with HPV and may eventually directly
complement or replace HPV screening as a one-step
molecular diagnostic and prognostic test.

National Cancer Institute

Elevated methylation in cervical cancers and
high-grade CIN (CIN2 and CIN3), most prominently in
Genes CADM1, EPB41L3, FAM19A4, MAL, miR-124,
PAX1, and SOX1.

Elevated methylation of the HPV16 L1 and L2 open
reading frames, in particular, is associated with CIN2,
CIN3 and invasive cancer.

Lorincz. Acta Cytol. 60:501




Methylated genes

CDKNZ2ZA
CDH1 Genes Methylated in Oral Cancer
MGMT

DAPK1

P14 ARF

CDKN2B

RARB

RASSF1

MLH1

FHIT

TP73

SERPINBS

DBC1
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Immune system and epigenetics

Immune System and Epigenetics

Shin HJ et al
Links STAT4 expression in human T cells is regulated by DNA methylation but not by

rphism.
J Immunol. 175(11 )7 143-50.

Espinoza CR, Feaneay AJ.
The extent of histone acetylation correlates with the differential rearrangement frequency

of individual VH genes in pro-B cslis.
J Immunol. 175(10).6668-75.

Gasche JA, Hofimann J, Boland CR, Goel A
Interleukin-6 promotes tumorigenesis by altering DNA methylation in oral cancer cells.
Int J Cancer. 2011 Sep 1,12(5):1053-63.

Fujisawa T, Joshi BH, Puri RK.
Histone modification enhances the effectiveness of IL-13 receptor targeted

immunotoxin in murine models of human pancreatic cancer.
J Transl Med. 2011 Apr 8,9-37.

Tahara T et al.
Association between IL-17A_ -17F and MIF polymorphisms predispose to CpG island
hyper-methylation in gastric cancer.

int J Mol Med. 2010 Mar, 25(3):471-7.




Biomarkers

Epigenomics Grants Predictive
Biosciences Rights to Use a Bio-

marker in a Prostate Cancer Test on in Prostate Cancer

Epigenomics [www.epigenomics.com)
granted Predictive Biosciences (www.pre
dictivebiosci.com) a nonexclusive license
to use its prostate cancer DNA methylation

biomarker, mGSTP1, for the development Seattle, WA, U.S.A., February 25

and commercialization of a laboratory test

to help in the diagnosis and management G (Frankfurt, Prime Standard: ECX),
of prostate cancer. The agreement follows agnostics company, today announced

a similar deal covering mGSTP1 signed

with Quest Diagnestics (www.questdiag- ) @ Non-exclusive licensing agreement

ug detoxification enzyme which

nostics.com) in February 2009. = arker :

Quest Diagnostics Incorpor: | |
Human Breast Cancer - Sgrulume Fane MeAH-g11 $§ 439

leading provider of diagnoOSt | oo s e - <o fae e
- Human Lver Cancer - Soourure Paney MaA)+-331 $ 259
Services. Human Lung Cancer - Sguature oo MeA341  § 259
Human Prostate Cancar - Spaunrs Pans Med4-051 § 250

Human Stem Coll Transcription Faciors - Spanes MaA~-511 $ a0

Human nfammatory Response - Spwrur Pared MaAM-5321 $ 329

Humaa T Cell Actvalion - Sgrataw Parel $ 339

Humaa Oytoldne Production - Sguates Paoei PAsAM- 521 $ &9

inNJusre

®  Metyd Frofier FOR 2xaes am svalobie o Sigratwe




Bladder cancer methylation

Bladder Cancer

e

Methylation of LAMC2 in Exfoliated Cells
* Isolated from Urine
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CpG island hypermethylation

Clustering of Sample Type by
CpG Island Hypermethylation
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Cluster Analysis of 365 Human Samples with S0 DNA Methylation Markers




Anticancer phytochemicals

ANTICANCER PHYTOCHEMICALS
(Representative chemopreventive phytochemicals and
their dietary sources)

Surh. Nalure




Key points

KEY POINTS
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Curr Opin Clin Nutr &

Dietary factors with known epigenetic properties could
be used to modulate the expression of cancer-related
genes.

As some epigenetic changes can be reversed
chemically, epigenetics has tremendous implications for

disease intervention and treatment. /

Epigenetic changes at specific loci are associated with
differential disease risks and may be modified by
nutrifional interventions.

Confounding variables in diet and nutrition-associated
studies should be considered carefully in the research
design.

Epigenetic variations may be utilized in developing
personalized nutritional recommendations for cancer
control and prevention.




Carcinogenesis

METHYL-DEFICIENT MODEL OF ENDOGENOUS
HEPATOCARCINOGENESIS

= Chronic deficiency in the m ld hionine, choline, folic acid
and vitamin By,
* No exogenous carcinogen added

= No genetic manipulation
= Hepatocellular carcinoma in 14-16 months in male rats and certain
mouse strains

- Sequence of pathological changes similar to the development of
hepatocellular carcinoma in humans

Normal tissue 36 weeks, GSTr-foci >54 weeks, GSTimr-tumor Liver tumor

P =

Ifgor et al. 2007 (personal communication)



Hepatocellular epigenetics

Ny Canose, 2016 Jul G(5)718.33. dot 10.1080/01635551 2016118410, Epul 2016 Jun B.

Nutritional Epigenetics and the Prevention of Hepatocellular Carcinoma with
Bioactive Food Constituents.

Moreno FS'. Heigor R', Pogribey 1P?.
= Author information

Abstract
Hepatocellular carcinoma (HCC) is an aggressive and Me-threatening disease often diagnosed at intermediate or

advanced stages, which substantially limits therapeulic approaches (o s successiul ireatment. This indicates that the
prevention of HCC may be the mosat promising strategy in reducing its incidence and martality. Emerging evidence
indicates that numearous nutrants and nonnutrient dietary bicactive componants can reduce the cccurrenca and/or
delay the development of HCC throexgh modificatons of deregulated epigenetic mechanisms. This review examines the

existing knowledge on the epigenaetic mechanism-based studies in in vitro and in vivo madels of HCC on the
chemopreventive potential of epigensatic food companents,_ including distary methyl-group donors, epigallocatechin-3-
gallate, scdium butyrate, resvearatrol, curcumin, and sulforaphana, on liver carcinogeneasis, Future direction and potantial




Epigenetic foods
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Research opportunities

Research Opportunities and Challenges

Will inclusion of epigenetic markers help in identification of new risk

factors (modifiable factors and host factors) in different races and ethnic
groups?

Will epigenetic markers in cohort and case-control studies improve
sensitivity and specificity of markers and help in identifying high-risk
populations?

Are genetic and epigenetic events correlated during cancer
development?

Are there race/ethnicity specific miRNAs and noncoding RNAs?

How can we use this information for define rsu tego ?

How can we overcome EWAS technical challenges?




How to address challenges

ﬂc ‘ 2
g

How are we addressing these challenges?




NIH Roadmap

NlH Roadmap 1_5 http://inihroadmap.nih.gov/epigenomics/

The NIH Roadmap Epigenomics
Mapping Consortium was launched with
the goal of producing a public resource
of human epigenomic data to catalyze
basic biology and disease-oriented
research.

- Trans-NIH, all Institutes/Centers participate
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Epigenome consortium

INTERNATIONAL HUMAN EPIGENOME CONSORTIUM

1000 Epigenomes

DiNA Methylation, Histone Marks,
Histone Variants, RNA,
Chromatin Associated Proteins
1000 epigencmes £ 3100 000 each

$100,000,000

Reference Stem Celis Erwironment Disease Aging
Nl Hiinas Hurm s Sl hiocinns Cancar A i
Cal Types,

Mo dol Organcmo

http://ihec-epigenomes.org/

Data Coordination, Access, and Archiving

Cuality Control
320000000

A | { \ A S /

Translating Discoveries into Improved Human Health

I KMechanism/Function Preventon Diagnosis/Biomarkers Therapies
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The International Human Epigenome
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Molecular profiling

Downloaded from cebp aacnournals org on Febiruary 17, 2014, © 2014 American Association for Cancer Research.
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Molecular profiling and companion
diagnostics: where is personalized -
medicine in cancer heading?
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Ongoing programs

Other Ongoing Programs

Chinical Centers (UO1)

6&-7 awards, total costs
543 000,000
1. Moonshot

2. All of US

Consortium Coordinsting
Center (U24)

3. PCGA

1 award, total costs: S10,.0
Preclinical Animal Study Sites (U

4. TCGA

i awarcs, t al co

Second set of Preclinical Arvimal St

6-7 four-year awards

Tissue Samples
Human blood, muscle, adipose
Animal heart, liver, lung, brain




Mukesh Verma, PhD
vermam@mail.nih.gov




